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TASK 1: SECOND-LANGUAGE LEARNING

1. Technical Problem

The task is to carry out the final development of a computer-
based system for automated instruction of the new speech sounds of

second languages, and to field-test this system in the Defense

Language Institute (DLI) instructional environment.

2. General Methodology

Laboratory experiments and field evaluations.

3. Technical Results
* ,

In this report, we outline the administrative setting and

describe the experimental design to be used in field testing the

'Mark II model of the Automated Pronunciation Instructor (API)

system. We present the draft instructional curriculum for the

Spanish-English and the English--Mandarin Chinese language pairs,

and we describe the hardware, pedagogical rationale, and software

that have been developed to teach that curriculum.

4. Department of Defense Implications

Language schools of the Department of Defense give instruc-

tion in approximately 65 languages to over 200,000 students each

year. The systems under development are designed to facilitate

Jthis instructional process.

I
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1. PREFACE

The present contract is a partial continuation of a research

program begun in 1966 under ARPA sponsorship. Of the four tasks

eventually funded under Contract F44620-67-C-0033, with the Air

Force Office of Scientific Research, the first two tasks were

awarded continuing support under the present contract. Those tasks

are:

1. Second-language learning

2. Models of man-computer interaction

The present Semiannual Technical report covers the progress

made in the first of these tasks during the second six months of
the new contract. We have bound the reports of the two tasks

separately to facilitate their distribution and use. In addition

to a copy of this page, both sections of this report contain an
appropriate subset of the documentation data required for -the
whole report: a contract information page, a summary sheet for

the particular task at hand, and a DD Form 1473 for document

control.

JA
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2. INTRODUCTION

The objective of this research is to carry out further de-

velopment of a computer-based system for automated instruction in

the pronunciation of a second language, and to field test this

system in the Defense Language Institute instructional environ-

ment. A prototype version of this system, called the Automated

Pronunciation Instructor (API) was developed and tested under

AFOSR Contract F4462a-67-C-0033. The results of that program were

described in that project's final report.

The present research program involves a three-year effort,

the final two years of which will be primarily devoted to DLI

field testing. The first year was devoted primarily to the

preparation of the Mark II version of the API, and to the other

scientific and administrative work that must precede the field

tests. Existing software for aiding Spanish-speaking students

in acquirinq the speech sounds of English was expanded. Year 2

is to involve field testing of the system under DLI auspices, at

a foreign military base carrying out Spanish-English language

training. Year 3 is to include a field test at DLI-Monterey, where

the system will be used to aid American English-speaking students

in learning the sounds of Mandarin Chinese.

This report covers the first year of work on the contract.

It treats the following areas of activity:
J ~

Section 3: Administrative and experimental plans

Section 4: Instructional software

During the past six-month period, we have continued our re-

search in the phonology of Mandarin Chinese. We leave a fuller

account of that work for a later report, though we will mention

new developments in passing.

2
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3. ADMINISTRATIVE AND EXPERIMENTAL PLANS

Since our last report, we have conducted extensive discussions

with DLI officials and other concerned parties, with the result

that the arrangements projected previously are now revised in

several important respects. The most important of these is a

change in the site for Year 2's field evaluation for the Spanish-

English language pair. DLI stated that they could not, within the

continental United States, provide adequate numbers of Spanish-

speaking students (Ss) at an appropriately early stage of exposuire

to English. They therefore recommended that we carry out the Span-

ish-English (S-E) field testing within the context of an introduc-

tory i4.ensive English training cour3e given by the Spanish armed

forces, in Spain, to Spanish military personnel, using DLI-supplied

curriculum. Since this was the only course open for Spanish-English

field testing, it was agreed. DLI undertook to obtain the requi-

site information from the Spanish embassy in Washington. At this

writing, that information is not yet in hand, so our official con-

tact with the Spanish military has yet to be made. For this reason,

no concrete arrangements for site selection or preparation have

been made, and therefore many details of the actual training and

testing procedures remain to be worked out. In the following dis-

cussion, the reader should be aware of the tentative nature of the

plans being presented.

For the record, it should be noted that our plans for Year 3's

field test, at DLI-Monterey for English-Mandarin Chinese, were

accepted by DLI in their draft form. This report is not the ap-

propriate vehicle for the complete presentation of those plans,

since we expect them to change as our research into that language

pair proceeds and as our experience with the DLI environment

broadens. We shall, however, give some Mandarin-related software

some mention in the relevant section.

3
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3.1 THE TRAINING MILIEU

The location for the S-E field test will be a Spanrish Army

base, probably located in Madrid, at which an intensive six-week

basic English language course is taught by DLI-trained teachers.

The students, Spanish miltary personnel, are being prepared for

further training in English and some military specialty in the

continental United States (CONUS). The Madrid course is their

first formal exposure to English (insofar as that is possible

within the cultural and educational environment of Spain). The

course is designed to produce rudimentary English skill, if pos-

sible, and presumably to select those students having sufficient

aptitude in language learning to justify the investment of further

training time in the CONUS for some military specialty whose content

is presented in English.

Staggered groups of Ss enter the school for a course of six

weeks' duration. They are graded throughout this time by standard

DLI testing and evaluation instruments and procedures, using the

basic English curriculum provided by DLI. At the end of the course,.
their final grade--pass/fail--determines whether they are (a) shipped

to the CONUS for further English language training at Lackland AFB,

or (b) returned to the start of an incoming group's basic course.

We shall draw two matched groups of Ss from this pool, for as

many successive six-week courses as are possible during the time

the system is installed. Recycled Ss wil. not be used. The ex-

perimental group will be given full exposure to the system. The

control group will be tested identically to the experimentals, but

will receive no additional special treatment. Both groups wi3 l

undergo the usual instruction offered by the school, with inter-

ference with the normal training of the experimental group being

held to the lowest possible level.

4
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3.2 OVERALL TIME FRAME

Since the course is six weeks in length and since the Ss
are unavailable for testing both before and after this training,

having not arrived, or having heh shipped out or recycled, all

measurements must be made within the basic six weeks! time. This

rules out the possibility of testing retention in any way, as

was-done in our previous pilot work.

We will have no contact with the students during their 'first

week of classes. This time lag serves several functions: (a)

it ailows them to get into the normal routine of their work; (b)

it allows them to be exposed to certain English-language materials

in their classes and language laboratories, providing them with

some rudimentary practice in English speech, behavior which is

tested as part of the overall desigr; and 16) it allows their per-

formance in class to be formtallu, evaluated in terms of their one--

week grade, a datum that will be of use in subject selection

,procedures.

Measurements of S behavior, of kinds to be described below,

will be taken at at least four points in time: pretraihing (4

week), two mid-training (3 and 4.5 weeks), and ,ost-training (6

weeks). The mid-training times are provided in order to make

possible the temporal delineation of any differential learningI

rates between the treatment groups-.

Subject selection will. be done immediately following the

first week of classes, according to the procedures summarized

below. For the balance of the training period, two groups of Ss

will be trained/tested, using a staggered schedule set up with

the aid of the base administration. The objective of this

5



Report No. 2351 Bolt Beranek and Newman Inc.

schedule will be to minimize interference with important class

periods for normal instruction, and to spread interference with

other class functions across such functions within a given student.

3.3 TESTING PROCEDURE

On the four testing days, for all Ss, the following proceduke

will be used. In their entirety, they are not applicable to the

problem of proper selection of Ss; the appropriate subset for this

funct.on will be presented in the next section.

All prospective (for the first testing session) or current

(for all later testing sessions) subjects will be administered a

three-part test. Its components are:

1. -The Test of Aural Perception in English for Latin-American

students (TAPEFLAS__dSeveloped by Robert Lado at tb'. English Lan-

uage Institute. University of Michigan '(1957). This is a paper-

and-pencil instrument that will be implemented via a prerecorded
tape of an English talke. speakinq grbups of words for the students

to discriminpate. The purpose of its administration is to provide

a qui,6k, objective measure of discrimination ability. This is

thought to be highly correlated with the ability to produce proper

speech discriminations. The test will be administered to groups

of Ss sitting together, facilitating its scheduling and scorinq.

The remaining two sections of the test are administered with

the aid of the API, since they involve recording of speech. Ss

are brought to the API facility singly and are given appropriate

7,rbal instruction by the assistant and by the CRT display. They

then speak and record two different types of English material.

6
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2. Connected speech. One of the objectives of the-rd§seArch

design is to determine whether Ss trained with a phoneme-level

display can generalize their traihing onto larger phrases of con-

nected speech. Testing this notion is quite difficult if Ss are

allowed free rein in their English production, especially if one

considers that the prospective Ss have but one week of English work

on which to draw. Therefore, Ss will be asked to read English

material used in their first week of classes. The same sentences

will be used at all testing times so that an obvious cue to test

time (from the judger' standpoint) can be avoided. The English

sentences will appear on the CRT before the S, and he will:have no

immediate auditory model upon which to pattern his utterance; he

will have to base it on his recollection of his first week's work.

3. Short utterances similar to training stimuli. This

material will be most closely inspected, for it is here that we

expect the experimental Ss to demonstrate the greatest effect of

training. This is the only opportunity to collect such utterances

from the control Ss, of course, since they receive no API exposure.

As a partial control on the greater experience of the experimentals

in producing such utterances, we have provided two measures:

chang ingo the overall recording format for the testing sessions,

makiing it different from normal API training; and including unfa-

miliar (untrained) materials for both experimental and control Ss

to record.

Two basic types of stimuli are used during the course of the

Spanish-English training: minimal pairs and short phrases. Min-

imal pairs (MP's) are used to train production of and discrimina-

tion between vowel sounds, and aspirated and unaspirated initial

stops; short phrases are used to train the suprasegmental features

7
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of intonation and stress. A fuller description of the purpose and

nature of the training and testing stimuli is given in Sections

4.2.1 and 4.2.2. Suffice it to say that, during testing sessions

for experimental and control Ss, the MP-type material is expanded

into a triplet format, to avoid introducing an intonation cue to
the utterances. For example, if we are interested in measuring the

degree of vowel discrimination S makes in producing the MP /beet-
bit/, we will ask him to say /beet-bit-beet/, and we will ignore
the last word. The short-phrase materials are recorded by S with

a significant difference from the materials produced under item 2

above. In the entire present section, where all Ss record short

utterances similar to the experimentals' training stimuli, they

are provided with a prerecorded teacher model to emulate, as well

as with a CRT display of the words they are to record. The record-

inq;and display are presented following the pressing of a button by

S indicating his readiness to proceed to the next utterance. After

the presentation of the teacher model, a 5-sec. "countdown," similar

to that used in our pilot experiments, ensues to mitigate the

mimicry effect observed then. No time constraints are placed on S's

utterance thereafter; he is given a, "go" signal after the countdown,

and he can speak whenever he wishes. If he wants to hear the teacher

model again, he may do so, but must then wait through another count-

down.

The format and content of the test day procedures are identical

across a:.l Ss and te-ting days. Both groups-will therefore become
more familiar with the procedures and stimuli as time passes. Th s

is an unavoidable fact, made necessary because of the need for

samples of Ss' production of stimuli over training. A later section
will discuss the means of analysis of these data to get at the

overall effectiveness of the system. Test procedures were outlined

here because a part of them serves the additional function of aid-

iny in subject selection.

8
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3.4 SUBJECT SELECTION

This process is designed to be executable quickly, to inter-

pose minimum delay between testing and training of selected exper-

imental Ss. The subject pool is defined as the entire class of

beginning studen1ts. Two matched groups are to be formed within

that sample. Two, data from each student are used to produce the

selection criterior.

1. One-week class grade. Instructors in the regular course

will, through normal DLI procedures, assign a performance grade

to each S. On-site negotiations will determine whether any special

criteria are to be appli'ed in this case. Students will be ranked

by class standing, the better Ss receiving the lower numerical

output. Ties Will be averagedt i.e., if four students are tied

for second place, they will all receive a rank of 3.5.

2. Discrimination-test score. The entire class will, by

arrangement with the school, take the TAPEFLAS as a group at the

conclusion of the first week of classes. Our field representative

will grade the tests, and will assign a numerical rank to each S,

as above.

The two class rankings will have equal weight for each S.

Scattergram selection will be used. Depending on the number of

experimental Ss that can be regularly scheduled for training within

the time constraints worked out by our negotiations with base

officiats, we shall select a wide-range sample of experimental

and control Ss. For example: If there are 24 Ss in the pool, &nd

we can train a maximum of 8 experimentals, we should divide the

composite ranking of the 24 Ss into 8 groups of three Ss. One of

each of the 8 triplets would be randomly selected as the experi-

mental S; one would be assigned to a control slot; and the third

9
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would be a control alternate, to take he ,place Of the matched

control should he drop out. There is no protection against an

experimental S's dropout, since the system will be furly scheduled

from the outset. The control alternates are tested in the same

manner as the true controls for all testing sessions, to ensure

that adequate control data for each of the experimental Ss are

on record.

Hopefully, there will be more Ss in the pool than are needed

for a full complement of experimental Ss, controls, and alternates. I
If this is so, it will cut down on the interference with the nor-

mal training of some Ss, who will thenceforth have no further

contact with the research.

Though an ideal design would base selection of Ss on actual
performance criteria tied to the accents of the potential Ss,

this is obviously impractical in a field experiment performed

under severe time constraints. The present method is at least

based on some objective measures of Ss' aptitude and performance;

the measures employed have face validity as correlates of accent

and ability.

Following group selection, the triplets of Ss will undergo

the second and third parts of the test-day procedures outlined

above, where they record selected utterances in the API setting.

These recordings are sent to BBN-Cambridge to serve as a baseline

for later comparisons with the same S's performance later in-

training. Each matched group of Ss will be tested as close to-

gether in time as possible, to keep in-class training exposure

balanced. 11

1i
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When the pretest procedures are completed for all triplets,

training will begin immediately for the experimental Ss. The

rationale, implementation, and content of the training sessions

are described in a later section.

3.5 DATA REDUCTION PROCEDURES

At the conclusion of the zix-week training cycle, we shall

have the following data. For each of N experimental Ss and 2N

controls, we shall have four sets of numbers, each derived from

the TAPEFLAS as administered on the four test days; four sets of

recordings of the English pronunciations of the Ss; and a complete

set of class performance grades. Data from the alternate controls

will be discarded, and the balance of the analysis performed with,

equal-sized matched groups of Ss. Several treatments of these

data are proposed, and all wioll be carried out if practicable.

A. Subject by treatment analysis of variance (ANOVA) of

the final DLI grades. This will be done on the composite grade,

and again for any other available grade that might be more focused

on behaviors of interest. le do not hold out much hope for the

demonstration of a significant treatment effect, since course per-

formance is a composite of many variables.

B. Subject by treatment by level (test days) ANOVA of the

TAPEFLAS scores. This will provide a quick, objective answer to

the question of differential improvement in discrimination ability

as a function of API treatment. Recall that the experimental and

control Ss are to be selected anu balanced wi-h pretest TAPEFLAS

scores counting for half the rankings.

11



Report No. 2351 Bolt Beranek and Newman Inc.

C. The samples of connected speech from all Ss will be

collected in a randomized-order master judgment tape that will be

played for a panel of experienced judges. Their responses will be

collected, unscrambled, and used as the data for a subject by

treatment by level ANOVA of th accentedness of the utterance.

The first analysis will combine ratings of all utterances made

by a given S on a given test day, and the level parameter of the

ANOVA will be test day, as above. Later analyses, if significance

is obtained in the primary one, will deal with specific stimulus

materials for specific comparisons across test days, subjects, and

treatments.

D., The shorter utterances approximating the experimentals'

training stimuli will be gathered for subjective analysis onto a

series of judgment tapes. The short-phrase materials for intona-

tion training will be rated singly, and analyzed as above. The

MP-type materials will be rated after truncation of the third word

duplicating the first member of the MP. The resulting pairs will

be rated, with higher scores going to those versions with better

renditions of the intended discrepancy. From that point, the

analysis will proceed along the lines used for the connected speech

samples.

If -time permits, we might be able to use our home system API

for a limited evaluation of the short-utterance materials. The

judgment tapes may be played back into the API, which may be con-

figured to accept such prerecorded input and to subject it to the

same types of analysis as would have been in force had the speech

been produced in a normal teaching session-even though it might

be the speech of a control S. The computer-based data plot might

tien be analyzed, either subjectively or objectively, and the set

of such ratings might be analyzed statistically.

12
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Specific attention will be paid, during all the above activ-

ities, to the following issues: (a) Are experimentals better after
the same amount of training than the no-treatment controls? (b)

Do experimentals improve faster than the Cntro ] s (i.e., do they

reach. the point of diminishing returns earlier than the controls)?

(C) What types of displays are the m ost successful, and what are
the distinguishing features of a good display?

We have the capability of preparing new training materials

andisoftware with short delay, using our backup system at BBN-
'Cambridge, should that prove advisable when S or teacher reactions

and suggestions are reported. The system as shipped need therefore
not be the only version field-tested. That is the central virtue

of .a computer-controlled instructional facility: If the computer's
per'herals are general enough to encompass the physical activities

necessary, then the rest is manipulable through software change
alone. It may thus be possible to iterate and improve the display
techniques during the course of a series of field tests, to take
maximum advantage of' any information gained during the early stages

of evaluation.

13,
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4. INSTRUCTIONAL SOFTWARE,

4.1 THE HARDWARE

The configuration of the apparatus envisioned in Fig. 7, p. 19,

BBN Report No,. 2189, has been successfully realized for two systems:

a backup home system to remain in Cambridge, and a field system

for the coming tests. Figure 1 is a view of the equipment rack of
the home system, anU Figs. 2a and 2b show a student and the facil-

ities within the sound-treated student room. Note especially the

accelerometer mounted on S's throat, the head-mounted microphone,
and the button box recessed within the work table. There exist

only minor differences between backup and field systems.

Each of the buttons in the button box is internally lightable

under program control, and we have adopted the convention that

only "legal" buttons (i.e., buttons the program will respond to) are
lit at any one time. Four colors of buttons are used, arranged in

such a way as to minimize color similarity among neighboring buttons.
During the course of utilization of the system, in training Ss and

in s'/tem testing, several different programs are used. Each of

these assigns;different functions to the buttons. Ambiguities of

function are eliminated by the use of overlay masks for the button
box. Each program requiring a unique configuration of button assign-
ments has its own overlay. Functions are indicated by short labels.
A sample of such an overlay is shown below, where its specific
functions are detailed (Fig. 4, p. 30).

As indicated in previous reports, the thront-mounted accel-

erometer is the first link in the newly developed pitch detector

14
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- I.

..
B 

D

Fig. 1. Automated Pronunciation Instructor, Mark II: Equipment Rack

A. History tape recorder
B. Programmable interface, filter bank, misc. audio equipment
C. Datavoice bulk storage device
D. PDP-8E computer
E. Monitor's microphonc
F. Slave oscilloscope
G. MacKenzie tape loop machine
H. Monitor's speaker
I. Multiplexer and A/D converter
J. Teletype

15
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Fig. 2a. Automated Pronunciation Instructor, Mark II: Student Station

A. High-fidelity speaker
B. Display oscilloscope Reproduced
C. Microphone power supply available copy.
D. Head-ountable microphone
E. Accelerometer for voice pitch detection
F. Button box with overlay
G. Work table

II
Fig. 2b. Detail of a Student Showing Proper Locations of Microphone

and Throat-mounted Accelerometer
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system. Information arising from this point is both analyzed in

real time by the computer and recorded on two analog tape machines

for later reanalysis, according to procedures outlined previously.

We have settled on the following parameters for the use of

the Mackenzie Laboratories tape loop machine (mentioned in the

previous report on pp. 24-25). The software to be described below

can analyze utterances up to 2 sec. long. To allow for some free-

dom of utterance for S, and yet to minimize wasted time during

loop playback, we use segments of tape 2-1/2 sec. in length. The

tape loop, therefore, has two such segments--one reserved for S's

efforts, and one for prerecorded teacher utterances. Each of

these segments--and, in fact, All recordings used in the system-

has two tracks: one track of standard audio information from

the voice microphone, and another of pitch information derived

from the pitch detector circuitry. The tray housing the tape loop

possesses both record and playback capabilities. The teacher

magazine is placed in another receptacle having only playback capa-

bility, to safeguard its contents. This repository of pronuncia-

tion models for both pitch contours and articulatory information

could contain up to 7 minutes of recorded teacher sneech; but

considerations of storage space for the associated character display

have limited the size of the teacher magazine to 24 2-1/2-sec.

utterances. Each of these utterances, be it a minimal pair,

single word, or short phrase, serves as the model for a subsection

of S's work in a given session. Each is dubbed onto the tape loop,

under software control, by S's command. Ile then works with that

model, by methods specified below, until satisfied that the aural

and visual comparisons between his and the teacher's productions

* •are sufficiently close.

17
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4.2 GENERAL SOFTWARE APPROACH

We have devised a general solution to the problems of display-
ing a variety of speech analyses for both student and teacher, in

real time and in an internally consistent manner. To expand on those

goals: whereas in previous research we had no recourse to the

acoustic analysis of tea.,cher models to provide targets for S's

speech, the new tape systems gave that opportunity. With that

opportunity came the inevitable problem of how to display such in-

formation. Another problem concerns the training of unsophisticated

Ss in the minimization of more than one type of accent, since each

new type requires a different display algorFthm. In order to min-

imize negative transfer from one display to the next, conmonality

of system operation procedures should be maximized; that is, a

given button should do the same thinq across displays. Finally, d

way was needed to make all of these consttaints operative within

the context of time-plotted information presented on the display,

since previous research had shown that this display mode was most

easily understood by naive Ss.

Our approach is based on the premise that many useful displays

can be produced by plotting the output of certain speech analysis

algorithms as functions of time. All the software for the display

of several different analysis algorithms has been made mutually

intercompatible. This generality arises from common data acquis-

ition and display sections, with the differina algorithms being

called for in a flexible way in real time.

Two seconds of speech from either the student (S) or teacher

model (T) exist within the program as 200 spectral frames. Each

such frame contains the log energy derived from the 19 bandpass

18
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filters, giving a 19-point spectrum of the speech signal for that

- sample period, and a single additional number specifying the most

current pitch period, if any. This latter number can range from

the equivalent of 50 Hz through 800 Hz, the limits of action of

the pitch detector, on a logarithmic scale. that is, equal amounts

of change in the pitch quantity, as stored, signal equal ratios of

pitch change.

Figure 3 illustrates this information for four such speech

samples as recorded from a male speaker uttering "beet-bet" with

a rising inflection on the first and a falling inflection on the

second word. The four frames were selected to fall within the

voiced segments of each word, one each at the start and finish of

each vowel. Note first the change in recorded pitch during each

vowel, and second the relative independence of the spectral enve-

lope from the exciting frequency of the glottal signal. The dif-

ferences between /i/ and /c/ are far more extensive than the chanapil in eithei wrought by shifting pitch. This is a demonstration of

the utter impossibility of deriving pitch from the output of the

present filter bank, and of the utility of the approach used.

As is easily imagined, the amount of space necessary for the

storage of 200 such frames is considerable. Provision for full

storage for the last 2 sec. of both S's and T's speech is thus not

made. Rather, the program stores that amount of information about

speech of the last speaker, be it S or T, and performs all analyses

upon it before moving on to the next operation. Since the actua

spectral frames, with all their detailed and confusing information,
are never displayed to S, this loss of the spectral information

concerning T's model utterance upon S's next input is immaterial.

The program has already stored away the output of the crucial al-

Igorithms for comparison with S's corresponding algorithms. (In
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A C

B D

Fiq. 3. Four Spectral Frames from the Utterance "beet-bet."
(See text for details.)

Key to interpretation of the 'plotted data:
The abscissa is filter nunhler; there are 19 points.
The closely spaced ordinate dots ake proportional to a

dB scale of enercv as read from each of the filters.
The curve is plotted with respect to the above; there are

19 data points. Formants .,- visible as "bumps" in the spectra.
The widely spaced ordinate dots represent the locr scale of pitch.

Readina u, they correspond to octaves of 50,100,200, & 400 liz.
The Pitch recorded for the particular spectral frame is indicated

by the position of the small circle. E.G., Fiq. 3a's pitch is
slightly above 100 'z.

The number at the lower left gives the number of the spectral frame.
Since the samplina rate i's 100/sec., each frame covers 10 msec.
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fact, the actual spectral frames themselves need not be stored at

all, since all algorithms can be computed and stored in real time;

but the point is moot, since we desired 2 sec.'s worth of stored

frames for systems work. Later versions may eliminate this feature

if needed.)

The program associates three crucial algorithms with each

speaker at any one time. They are: (a) Loudness-a weighted sum

of the energies across the spectrum, computed in such a way as
to respond proportionately to vocal effort, independent of the
speech sound. (b) Pitch-being the output of the pitch detector

after conversion to a log scale of frequency. If, for a given

sample, there is no voicing information, this datum is zero.
The pitch information reflects the last completed pitch period

resulting in digital output at the final stage of the pitch de-
tection logic and sampled by the program. There are 100 of these

samples made per second, so we do not recover a period-by-period

record of the pitch excursions of the voice. We obtain pitch in-

formation with the save resolution as spectral information. The

grain is sufficiently small, (c) A variable assignment, depending

on the pronunciation problem that is the subject of the eurrent

stimulus. There are several candidates for this position; it may

be filled with a tongue-position function or with an aspiration
function. the logic for the assignment and for the use of the

other two functions will be explained next.

The loudness function is used in every display, though it is

almost never directly displayed. Its chief purpose is the signal-

ing that an utterance has begun, whether it be speech starting with

a voiced or unvoiced sound. When the system is ready to accept

input, the start of speech is usually marked at the point in time

where the loudness function first exceeded a threshold.
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The pitch function is used only for those displays requiring

attention to pitch contours, such as suprasegmental intonation

patterns in English or for segmental tone drill in Mandarin Chinese.

The third function is used whenever the two above functions

are irrelevant to the parameter being trained. Its use is best

understood following a consideration of all displays currently

being developed in both the Spanish-English and the English-Mandarin

language pairs. Complete descriptions of the curricula and full

listings of the training stimuli are unavailable at this writing,

but the outlines and strategies are firm. Examples of stimuli ap-

propriate for each type will be given.

4.2.1 Spanish-English Displays

The S-E curriculum addresses itself to three distinct accent

parameters: vowels (tense-lax, diphthongized, and diphthongs) in

monosyllabic words, aspiration of initial consonants, and prosodic

intonation and emphasis. The first two parameters (vowels and

aspiration) are taught via a minimal pair format.

4.2.1.1 Vowels, tense/lax. Here we contrast monosyllabic
words containing one of the five tense Spanish vowels with mini-

mally differing English words. Examples: beet-bit, boat-'but.

Algorithms designed for these distinctions are of the tongue-position

sort. They may be qeneral first-formant functions, indicating

tongue heiqht; they may be general second-formant functions, indi-

cating tongue front-hack; or they may be special-purpose functions

designed to maximize the particular distinction being trained.

4.2.1.2 Vowels, low/mid. The vowels /!/ and /'/ are con-

trasted with their nearest Spanish neighbors. Examples: hot-hat, .1
base-bass, so-sir, hate-hurt. Display algorithms are selected from

the above-mentioned set.
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4.2.1.3 Vowels, diphthongs/dipthongized. The emphasis in the

above stimuli is to get S to move his tongue to new and different

(for him) regions of the mouth, but not to produce too much tongue
movement during the voicing. Such movements produce diphthongs,
speech sounds more numerous in English than in Spanish. The explicit

display of a time axis in the Mark II API makes it possible, for

the first time, to incorporate these new phonemes into a training

procedure. Tongue gestures produce curved traces in time, traces

that move from one tongue position to another during the diphthong.

Here, we train S to recognize the fact that English /e/ and /o/ are

diphthongized: beet-bait, shoe-show. We also train his production

of the diphthongs /ai/, /au/, and /oi/: heed-hide, sod-side, boot-
bout, shot-shout, so-soy, .;ee-soy. Note that whenever possible,

the above stimuli are presented witb minimally differing stimuli at

both ends of the tongue gesture: i.e., the diphthong /au/ is pre-

sented in the context of /a/ and /u/ pairs. Display algorithms are

selected as above, in ways to highlight the gestures required.

4.2.1.4 Aspiration of initial consonants. As noted in pre-

vious reports, the phonemes /p/, /t/, and /k/ are difficult for

Spanish speakers whose versions often verge on /b/, /d/, and /g/

for English listeners. The accent arises due to the speaker's pro-

ducing too short a time interval between the onset of the word and

the onset of voicing, and in not producing sufficient aspiration

noise during that voiceless interval. The aspiration-detection

algorithm used previously is employed here in a minimal-pair context:

deem-teem, beak-peek,, goat-coat. The amount of aspiration beginning

each utterance is shown for both S and T, as well as the onset and

duration of voicing. S's job is the matching of his pattern with

that obtained from the teacher's prerecorded utterance.
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Note that in all the minimal-pair work described above, one

member of the pair is always a word containing a phoneme familiar
to the Spanish speaker. His task is to work from that base to a

new phoneme, using his familiar word as a point of comparison.

This will be made clearer when the MATCH function is uescribed.

We plan a progressive increase in the difficulty of the curri-

culum, within the limits of time. Upon their first exposure to the

above types of stimuli, the material is grouped, with, e.g., all

occurrences of the /i/-/I/ distinction in one section of the train-

ing stimuli. Further, the distinctions made in the pairs always

move from Spanish to English, The word containing the familiar

phoneme always precedes the more difficult member of the pair.

Later exposures of Ss to the mateeial will involve scrambled orders

of stimuli. Other parameters, such as display algorithm used, will

remain unchanged.

4.2.1.5 Intonation. We will train Ss in the proper production

of short-phrase and short-sentence material using the pitch detector.

It has been observed that Spanish-speaking Ss pronounce English

words, phrases, and sentences with Spanish intonation and emphasis,

and that their suprasegmentai pitch contours sometimes fail to carry

the desired meanings. The present display techniques may help draw

S's attention to the differences, and, by comparing his pitch (and

therefore emphasis) contours with those of the T model, his intona-

tion may be improved. We have selected materials from the word level

(airplane) through the short-phrase level (railroad station), to

declarative (Good morning, I bought a suit), and interrogative sen-

tences (How are You? May I help you?). A simple display of pitch as

a function of time' will suffice for most of this work although we are

still considering a mode where the loudness of the speech is plotted

as a symmetrical envelope around the pitch trace. 'This is, however,

both partially redundant and visually confusing, so its use will be

limited if adopted. .
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4.2.2 Displays for English-Mandarin Chinese

We expect that the fundamental problem confronting the English

speaker in this language pair will be pitch control. We have de-

scribed above a general software frame within which pitch contours

for the speech of S and T may be derived& and plotted in real time,

so the basic work for that speech parameter has .been done in a

manner compatible with all API display s6ftware. All that is re-

quired to bring that phase of an English-Mandarin Chinese curriculum

to readiness is an appropriately graded curriculum. A draft outline

of the pitch curriculum will be described now. Displays for unfa-

miliar vowels and consonant clusters in Mandarin remain to be

developed. It is anticipated that they will be cast into the time-

plotting mode.

The first level of pitch display is monosyllabic words, mini-

mal-pair mode. All the permutations and combinations of the four

Mandarin tones are presented for S's mimicry. Simple carrier

syllables are used. Examples: li-la, ni-ni, The exercise is
highly similar to one on p. 3 of Hockett's "Progressive exercises

in Chinese pronunciation." S learns the proper interrelationships

between the tone levels by intercomparina his and T's versions of

the MP's with the match function described below. Since the loud-

ness pattern of some of the Mandarin tones is crucial, some train-

ing at the basic level may be administered with the loudness

function plotted symmetrically around the pitch. It may well prove

useful when the stimuli are sufficiently simple.

Following the drill on tones in isolation, Ss will move to the

API-assisted drill on the structure of short phrases. The MP mode

is abandoned as S mimics T's prerecorded versions of phrases such

as: Junggwo bing, Meigwo maudz. Combinations of tones, phrase
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rhythm, and the pronunciation of the zero final are trained at
this level. The examples given are from DLI's Basic Course in

Chinese-Mandarin, Lesson 3.

A further phase of' tone training involves the production of
short sentences, such as: Ji shr u. The com-•is'si e bushr bau' hecm

plexity of the material could be increased and interrogative

particles added as desired, within the limitations of a 2-sec.

utterance. This limit is probably close to the capacity of S to

read a long pitch contour, and most contours of interest can be

drilled within that time span. The above examples were also taken

from DLI's basic course.

Before the final decisions on stimulus materials are made,

we will undertake further research on the speech of Mandarin infor-

mants available to us here in Cambridge. Also, we will consult

with trained teachers of Mandarin, both at neighboring schools and

at DLI, to select appropriate accent parameters for further display

development. Whenever possible, training materials will be taken

from the standard DLI curriculum. That will ease the methodological

problems of interpreting the data obtained from experimental and

control Ss.

4.3 SESSION SCENARIO

4.3.1 Introduction

The present section describes the options available to, and the

typical actions taken by, a subject using the system to work on the

reduction of his accent in any of the above-mentioned parameters.

The presentation will be complicated by the need for the reader

to keep in mind that the same software framework is used for the
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4display of widely disparate speech analysis functions, and at

times different actions are taken by the program, depending on

which parameter is in use. Two representative stimulus types

are chosen to illustrate the general capabilities of the software,

and the displays for those parameters are described and pictured

(where possible) in parallel as the presentation moves through

the various operations.

As a representative of the plotting of algorithms arising

from the filter bank, the tongue-height function (sum of filters

1 and 2 minus sum of filters 3 and 4) is chosen. It is presented

within the context of a pair of words drawn from the diphthong

minimal-pair training materials (Section 4.2.1.3 above): "heed-

hide." This serves also as the representative of all minimal-pair

stimuli, since they are treated alike in display manipulation.

The pitch detector provides the second speech-analysis function

displayed in the scenario. Since we have already chosen a minimal-

pair type stimulus for the first example, a phrase-mode sample is

used next. It could have been drawn from the suprasegmental in-

tonation drills in the Spanish-English language pair, but a Man-

darin sentence of the type mentioned in Section 4.2.2 above will

be used: Jei bush jung. It mqans: "This isn't a clock."

In both cases, informants fluent in the production of the model

sentences are used, and Ss with the appropriate language background

attempt to mimic the Ts' models. Specifically: a male native

American is the prerecordeJ teacher whose version of "heed-hide"

is the model for a male native Spanish speaker; a male native

Mandarin speaker models "Jei bushr jung" for a male native American.
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Of course, the examples below are isolated in the sense that
they are part of a large number of similar utterances for the same
accent problem, in the sense that there are other problems with
rather dissimilar stimuli and in the sense that a static picture

gives only a faint flavor of the interactivity of the display. It

is hoped that the introduction given in Section 4.2 above will
impart some picture of the extent of the possibilities. The flex-
ibility of action available to S will be described, as possible,
within a linear exposition of his options. I

4.3.2 System Setup

The field technician prepares the system for the arrival
of S by consulting the experimental protocol and determining what
material is to be covered in the coming sessions. He loads the
computer with the appropriate software frcm the digital bulk I

storage tape, and sets any needed run-time parameters using the
computer's switch register. He loads a teacher tape magazine into
the playback channel and sets it in such a way that the first

training stimulus is in position for the start of work. He loads
into the computer a separate subsection of information about the I

word list spoken by T, so that the software may display alphabetic
characters on the CRT for S to read while he works. Finally, the

technician mounts a history tape, moves it to a blank spot, and
marks the start of the session's tape via an audio cue giving S's
name, the date, the stimulus list, and any special parameters. A

record of every utterance placed on the tape loop will thus be
available for later perusal by the analysis team at BBN-Cambridge.

When S arrives, the technician puts on the microphone and I
attaches the accelerometer, if pitch information is required by
the software to be run that day. If S requires any instructicn I
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over that given him at the first session, the technician can give

it at setup time or at any time during the session via the HELP

button.

The button box has a standard overlay used on all training

days with the general software package. Seven of the 12 buttons

are functional in standard mode, with the other five "privileged"

to systems personnel only, for special-purpose diagnostic functions.

Figure 4 illustrates this overlay in the version used by English-

speaking Ss. Spanish-language button labels would be used where

indicated. What follows is an exposition of the functions of each

of the buttons, presented in a hierarchical-sequential order. At

some point in the description of each button, the various options

open to S will be listed, since not every function is available

to S at every juncture.

4.3.3 NEXT Button

This is the only illuminated button at the start of the pro-

gram. It is pressed at the beginning and, later, whenever permitted

by the software and desired by S. Its function is to cease work

with any previous stimulus and to proceed to the next model utter-

ance. The system dubs the next 2-1/2 sec. segment of the T maga-

zine onto one segment of the tape loop, while simultaneously lis-

tening to the output of the T magazine with the filter bank and

pitch detector. Algorithms appropriate for the software are com-

puted and stored over a 2-sec. range for the T speech. During this

period, S hears nothing. The hictory tape recorder is activated

and records the T speech as well, to mark the tape when S begins

work on the next stimulus. S's CRT display is changed when NEXT

is pressed; any preexisting functions are removed, and the new
stimulus appears at the top left for S's immediate inspection.
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Fig. 4. Student Button Box with Standard Enqlish Overlay.

At any point during program operation, legal functions are
indicated by lighting of the button. The illustrated pattern
is shown, among other times, following operation of the STORE
function. The five central buttons are ",privileged" (see text,
Section 4.3.9). Privileged-function overlays are also available.
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Figures 5a and 5b show the display as it appears at this point

for both the examples.

S is not allowed to hear T'. version of the stimulus or see

the time plot of the computer's analysis of that speech, so that

his first attempt at each stimulus in each new session might be

unbiased by the mimicry effect. Thus, the history tapes will con-

tain useful data on intra-session improvements.

At the conclusion of the 2-1/2 sec. of tape dubbing, the "ready"

sign (the small crossi at the lower right of the display) reappears

(it is absent whenever the program ii performing a function that is

noninterruptable), and a subset of the'hutton-box lights is illu-

minated, telling S that he may proceed to new activity. Legal

activities following NEXT are STORE and HELP.

4.3.4 STORE Button

S presses this when he wants an opportunity to record his

attempt at the stimulus on the tape loop, and to view a real-time

analysis of his Epeech. The following things happen. The tape

loop, which in its resting state is positioned just before S's

segment of its two 2-1/2 sec. parts, is set in motion and its

record functions are enabled and hooked up to S's microphone and

accelerometer via the audio circuitry and computer-controlled switches.

The history tape is similarly activated. The button-box lights go

out and the + sign is removed from the display. S has 2-1/2 sec.

in which to speak the stimulus. For the first 1/2 sec., the soft-

ware awaits a suprathreshold speech sound. If it hears something,

the 2 sec. of speech begins at that sample. If nothing is said

within the first 1/2 sec., the 200 samples are filled anyway and

whatever speech is encountered will be,analyzed. This arrangement
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gives increased temporal flexibility while retaining the maximum

allowable number of 200 spectral samples.

In real time, the program reads the preprocessors, stores the

data, and plots a time display of the parameter of interest on the

lower portion of the screen (under the mnemonic abbreviation S).

Figures 6a and 6b show the display as it appears at the conclusion

of S's speech. The tongue-height function plotted in Fig. 6a shows

the discrepancy in location and gesture between the two utterances

of S; the pitch function in Fig. 6b represents the time course of

"Adam's apple position" during the production of the Mandarin phrase.

4.3.4.1 Special treatment of data. Now that actual time plots

of algorithm outputs have been shown, two additional points regard-

ing the display algorithms will be made. They involve means we

have found appropriate to improve the legibility of the display.

We have observed that all time functions, be they pitch- or

filter-bank-derived, have a certain variance in addition to overall

trends. While pitch may be increasing over a period of 50 samples-

1/2 sec.-its increase may be apparently grainy, due to natural

variability in glottal action and to interactions between sampling

time and wave phase. Functions arising from the filter bank are

similarly grainy, since the contents of any filter may show time

variations in phase with the excitation of the glottal pulses;

hence, any function based on sums and differences of filter energies

within a given spectral frame will show time variance about a central

value or trend. To combat this, we have applied a digital smoothinq

algorithm to all functions of the general form:

Afn-1 + Bfn (i)

n A+B
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where f* is the output function at sample time n, and fn is thenninput value derived from the pitch or tongue-position function.

This is thus a recursive function where the constants A and B

determine how much the previous sample's output weighs in the

determination of the present sample's output value. The con-

stants can be chosen to cover a wide range of smoothing time-

constants; those in use here are in the 15-msec. range. This

digital smoothing is far superior to that which might be provided

by merely adding more analog filtering to the input channels, for

two reasons: (1) it is infinitely variable by software change alone,

and (2) it is applicable t-9 computed function output rather than to

raw input data. The latter advantage is clearly necessary in light

of the consideration that both pitch and tongue-position functions

have sharp time onsets and offsets. If pure filtration were used,

such transitions would produce gradual smoothed (negatively ac-

celerated, exponential rise and fall) curves, when, in reality,

the speech was either unambiguously present or absent. Two addi-

tional constraints are therefore placed on Eq. (1):

f* 0 if f = 0 (2)n n

Thus, if any frame possesses a function value of zero, the smoothed

output is set equal to zero. The first zero frame following a

period where there had been algorithm output results in immediate

cessation of function plotting.

f* fn when fn= 0  (3)

Thus, the first frame at which the algorithm becomes nonzero pro-

duces a full-valued smoothed output, with no recursion, with pre-

vious zero values.
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Digital smoothing is not the complete answer to the needs for

improved display legibility. The second stratagem we have employed

might best be called a "garbage collector." Operating on the 200

smoothed function points, produced as described above, the GC al-

gorithm proceeds to inspect the data. If it finds a group of

four or less nonzero points delimited by zero values, it removes

it outright. For every other group of five or more contiguous

points, it removes the first two. There remain no groups smaller

than three contiguous samples (an unlikely result), and those that

remain have had 20 msec. of data removed from their leading edges.

The reasons for the GC are twofold.

The first reason is background and mouth noise. Small non-

speech sounds are often picked up by the preprocessors. They may

be too small to trigger any thresholds that actually start data

storage, but, once such storage is underway, the software has few

ways of discriminating noise from speech. This may result in

function output during "silent" periods. Such noise output is

usually of short duration, however; easy game for the GC.

The second reason is start-up transients. When voicing begins,

the first ohe or two function outputs are often different from

those comling late&. This is particularly true of the pitch data,

due to physical phenomena occurring at the start of vocal-cord

vibration. We deemed the loss of two samples' data a reasonable

price to pay, if the gain was increased display legibility. One-

fiftieth second is imperceptible in all real-time playback contexts.

Let us return to a description of the further activities of

the system in the STORE function. The reader will recall that we

left the account at the stage where S has finished his, utterance,

and it hag been: (a) stored in analog form on the tape loop, with
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a pitch and a voice track, (b) similarly stored on the history

tape, (c) digitally stored within the CPU, and (d) displayed in

real time in the relevant section of the CRT.

Now is the time for S to hear T's version of the utterance.

If this is his first press of STORE for this word, he will hear

and see T for the first time. The tape loop is started once again,

this time in playback mode, and S hears the model utterance through

the speaker mounted over the CRT. At the same time as the speech

is heard, S is gradually shown the time-trace of the T utterance

that the program computed when the NEXT button was pressed. Figures

7a and 7b illustrate the display at the conclusion of this cycle.

The entire STORE sequence takes 5 sec. When S speaks during the

first 2-1/2 sec., he produces a time plot as he speaks, giving him-

self immediate articulatory feedback. When S listens to T during

the second portion, T's time trace appears, in real time, in syn-

chrony with T's speech. It is as if T were sitting with S, plotting

his data in the same manner as does S; but in reality this is im-

plemented by a procedure that "discloses" successive 10-msec. sam-

ples of T speech as the T segment is being played.

Figures 7a and 7b, then, are a visual record of the audio

contents of the tape loop following the STORE function. S then may

inspect his and T's plots for similarities and differences, and

plan his next actions accordingly. The button box lights and the

+ sign reappear. Legal activities following STORE are NEXT, HELP,

STORE, REPLAY, MATCH, and FREE. S may qo on to the NEXT stimulus

if satisfied with his performance. fie may desire to repeat STORE.

In this case, the T trace remains on the screen during the time

S may record his attempts. Now that we have recorded an unbiased

attempt by S to produce the utterance, he might as well have the

benefit of a visual model to shoot for during his attempt.
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Reproduced from
p best available copy.

Fig. 7. CRT Displav folll.-Ai", C'o Ilt L( ():,erit ion of the 'STORE

Function for Tw ''ve of ti i. (',(c to xt for explanation.)
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4.3.5 REPLAY Button

The tape loop now contains S's and T's versions of the stim-

ulus, and the CRT shows a static display of the relevant parameter

as a function of time. S may elect to cycle the tape loop to

make a comparison between the two utterances. This is simply

effected via the-actuation of the playback circuitry of the loop.

First the last S utterance recorded in STORE is heard, since the

loop is left at the start of S's segment following the STORE se-

quence. Next, T's prerecorded utterance is heard.

A special feature of the REPLAY function is real-time redisplay

of the data. Whereas it would have been simpler to just leave the

display static, in the form it took at the conclusion of STORE

(Figs. 7a and 7b), a dynamic aspect is provided. At the start of

REPLAY, the S trace is deleted and then replaced in real time as

S's speech is played back: the display is replotted, just as it was

when S spoke originally, but with3ut S's being required to speak.

Then, when S's section of the display is complete, T's trace is re-

moved and replaced as above. This gives S the opportunity to re-

associate specific parts of his and T's utterances with specific

sounds and portions of the display. He can pinpoint just what it

sounds like when a particular feature of the display is drawn.

Legal activities following REPLAY are NEXT, HELP, STORE,

REPLAY, MATCH, and FREE.

4.3.6 FREE Button

One of the minor inconveniences of the STORE function is
that, after S presses it, he has a maximum of 2-1/2 sec. in which

to speak, and only 2 sec. of that interval will be displayed.
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This is a considerably longer time than the 1-sec. total and 1/2a-

sec. analysis provided in the Mark I API, but we expect that it

will, nevertheless, engender some detectable anxiety in naive Ss.

Of course, time limitations are unavoidable when a tape loop is
used in the present configuration, and some limits are essential

to efficient system operation. There should, however, be some

means to bypass the analog recording process and allow S free

access to the digital analysis facilities of the system.

Pressing FREE connects the microphone and pitch detector to

the preprocessors and replaces the (+) symbol with an (*), indica-
ting system readiness to accept new S data. Time plots already on

the screen remain unchanged. The flicker of the display increases,

since the program is both maintaining the display and "listening"

to the filter bank and pitch detector in an attempt to determine

when S begins talking. One hundred spectral frames per second are

inspected.

When the loudness function exceeds a given threshold or when

the pitch detector outputs a nonzero value, that frame is taken as

the start of speech. The S display that had been present is erased

immediately and a new one constructed. A small cursor below the !
baseline moves across the screen, covering the full distance in 2

sec. Any sample producing function output is plotted in real time

over the cursor's current position. The (*) is present throughout I
this process as a further indication of the readiness of the display

to listen to S's speech. Note that nothing happens to the display

until S begins to speak. lie may "gather his wits" before speaking,

and begin at his leisure. Once he begins, the system, which has

been listening all along, stores 2 sec. of speech and then halts

for a "refractory period."
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When the cursor reaches the rightmost extremity, the (*)

disappears for 1/2 sec., during which time the display remains

unchanged and unalterable. This "refractory period"' is to allow

S to stop speaking; if it were possible to recycle the cursor to

the left immediately the S filled the 200th bin, then he might

erase what he had plotted by running over the allotted 2 sec.

When the (*) reappears, the system is in the initial state, and

ready to accept new speech and to erase the previous S trace. The

contents of the T trace are not touched in any way during FREE;

only the NEXT button can alter them. No illustrations of the dis-
play configuration are given, since it is identical to that shown

following STORE. The dynamic, unconstrained, real-time nature of

the FREE mode can only be described verbally. S speaks whenever

he wishes, without having to preface each utterance with a press

of a button.

Exit from the FREE mode may be done at any time. The only

legal button, once S enters FREE, is RETURN. The contents of the

S trace remain unchanged when S exits FREE: whatever they were at

the instant RETURN was pressed. When this happens, there is a

discrepancy between the contents of the tape loop and the time

trace of S's last utterance in FREE. This is immaterial to all

functions save REPLAY, and hence REPLAY is not enabled when S re-

turns from FREE mode.

The legal functions following RETURN are: HELP, NEXT, STORE,

MATCH, and FREE.

As just described, the system does not allow S to make an

audio comparison of the contents of the two segments of the

tape loop following use of FREE mode, since the sound and the

picture will not agree. This is the price one pays for freedom
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from tape-iloop time constraints. Nevertheless, there still remains 1
the possibility for purely visual comparisons between the two

traces: the MATCH function. I
4.3,7 MATCH Button

This is of central importance to the operation of the Mark II

API, since it makes explicit the target that S is attempting to

imitate, and considerably eases his pattern-recognition task. In

our previous research, adequacy of S's rendition of a sound was

indicated by the plotting of S's speech analysis with respect to

predetermined nominal values (acceptable ranges of F1-F2 space, or
acceptable voice-onset times and aspiration levels). Now, we are

asking S to compare time plots of a relevant speech parameter gen-

erated by himself and by T, and to attempt to minimize the dis-

crepancies. What are the various ways in which S's and T's traces

may not be similar, and how do they arise?

(a) Different utterance onset times within) the 2-sec. periods

allotted each speaker. Once the loop starts, actual speech may

begin anywhere. Furthermore, in minimal-pair or multi-word utter-

ances, the inter--!vd wait time may vary between speakers.

(b) Different average function values. If a tongue-position

function is being plotted, acceptable versions of a given vowel

phoneme may produce function values that differ because of the

physical sizes of the two vocal tracts. If pitch is being plotted,

speaker pairs having different average fundamental frequencies will

produce data at different distances from a zero baseline. In both

cases, intra-speaker-discrepancies will be consistent, but inter-

speaker comparisons may be open to misinterpretation.

.4
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(c) Different utterance durations. Once begun, S's utterance(s)

may produce more data points than comparable portions of T's trace.

(d) Different trace shapes. The time courses of the gestures

may differ.

The latter pair of areas are where the immense pattern-recog-

nition capabilities of S are best called into play, aided by ap-

propriate verbal instructions on the nature of important discrepan-

cies. The former pair of causes for S-T trace dissimilarity can

cause unnecessary confusion to S on inspecting the standard display

as illustrated in Figs. 7a and 7b; the MATCH function makes things

straightforward by eliminating them.

4.3.7.1 Intra-speaker MATCH mode. By introducing the feature

of analysis and display of T speech, we have compounded the problem

of rationalizing different vocal tracts within- the same display.

However, this issue may be neatly avoided in a large number of

cases due to the use of minimal-pair stimuli. Recall that in the

Spanish-English vowel-training work, a ground rule is that each pair

shall have one word with a Spanish home vowel and one new English-

vowel word. This gives a fine baseline for comparison purposes.

For minimal-pair picch training in Mandarin, the general level of

pitch is less critical than the gesture shapes; and the proper over-

all level is quickly set by S after minimal exposure to tone struc-

ture. In other words, if S can be depended upon to provide a rea-

sonable attempt at either the overall level of a function or a re-

liable version of one member of a minimal pair, then the most im-

portant aspect of his display is not its parts' distance from a zero

baseline, but the distinction between the two members of the pair

in level and/or shape and/or duration.
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For minimal-pair type stimuli, therefore, software is provided

that produces the following effects when MATCH is pressed. The

trace produced by the first member of a minimal pair remains un-

touched. The second member is shifted leftward in a smooth, nega-

tively accelerated movement that places its first point in X-axis
conjunction with the corresponding point of the first member. The

transition itself takes about 1 sec.; it remains in overlaid posi-

tion another 1 sec.; and it returns smoothly to its starting point

over the same interval. Figure 8a illustrates the overlaid posi- 4

tion. Note that the software has sensed the onsets of all four

words being displayed and has matched up the pairs across words and

within speakers. S's voiced durations and gestures are somewhat

discrepant, but in fact his utterance of this particular stimulus

was acceptable

Figure 8a would appear quite similar if, instead of tongue

height, it were a display of T's and S's pitch traces in the

Mandarin MP "ai-ae." This tone 1-tone 3 contrast would, when super-

imposed, show comparable difference patterns. This point is made,

to emphasize the generality of the "sliding-MATCH" function illus-

trated here. Since baselines are never plotted, differing ranges

of fundamental frequency cannot affect tone MP's; different ranges

of algorithm output caused by different vocal tracts are similarly

unobservable.

4.3.7.2 Inter-speaker MATCH mode. When phrase or sentence

materials are used, the overall shape of the speech gesture as

analyzed by the system becomes important, not merely the contrasts
between its parts. If the analysis trace is continuous (as would

be the 1pitch trace for the unbroken voicing in "How are you?"), a

sliding, intra-speaker MATCH is impossible.
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Figure 8b illustrates the superimposed pitch traces of S and

T in the Mandarin example. Note that the two utterances' onsets

have been superimposed, and that no further temporal manipulation

has been done on the balance of S's trace. The smooth transition

from Fig. 7b to Fig. 8b and back again takes an amount of time

similar to that used in the sliding MATCH. In matched position,

S's (unplotted) pitch baseline is superimposed on T's; the T

trace is unmoved; and the S trace is also adjusted horizontally,

if needed.

If S and T have differing fundamentals, superimposed pitch

plots for similar utterances would be parallel, given the loaa-

rithmic plotting of pitch. If tongue-position plots are vertically

matched---which, though unlikely, remains a possibility for some

types of vowel training-then the sane parallelism wou].d obtain

for similar vowel pairs spoken by dissimilar vocal tracts. In both

of the above cases, S would have to be instructed to disregard any

constant offsets between his and T's traces. Over a period of

trials, S will get a feeling of what his usual offset is, and it

will adapt out perceptually; then, departures from this level will

be as clear as discrepancies in the sliding MATCHI described above.,

Legal operations following MATCH arc: HELP, NEXT, STORE, MATCH,

PLAY, and FREE.

The MATCH function is the last operation available to S that

is relevant to the sneech display. In summary: Ss pass to the

following stimulus via NEXT: at that point, they must record an

unbiased first version of the stimulus via STORE; then, things be-

come less constrained. S may go back to NEXT; -he may re-enter a

new attempt on the tape loop via STORE; he may MATCH., REPLAY,o or

enter FREE mode. After RECALL or MPTCH, all functions are legal;

after RETURN from FREE, all save REPLAY.

46



Report No. 2351 Bolt Beranek and Newman Inc.

Note that nowhere in the present system does the software pro-

vide any quantified evaluation of the adequacy of S's imitation of

T's trace. Such a capability is beyond the present state of the

art. Despite this lack, the richness and interactivity of the

audiovisual comparisons that S may make are such as to inc-ease the
probability that S's pronunciation will move in the directiuzi of
themodel. We do not discount the importance of good instructions,

but neither do we depreciate the integrative powers of the student.

4.3.8 HELP Button

If at any time S has a problem with the equipment or has a

question he cannot answer on his own, he may press the HELP button.

This removes whatever is on the screen and replaces it with the

legend "TALK." His microphone output is then connected to the

outside speaker and to the filter bank. The equipment monitor can

then listen to S's question. When he wishes to respond, he need

only address his answer to the external microphone, which is also

connected to the filter bank. The filter bank is connected alter-

nately to the twc microphones, and is switched at the rate of 50
times per second. When the lou'dness function computed from the monitor

mike exceeds some threshold, that signal is passed into the student

room, and the display is changed to read "LISTEN." Appropriate

time constants are used to insure reasonable voice control by S and

the monitor. They can hold a conversation acite easily in this way,

without either of them leaving his station, ,br otherwise interrupt-

ing the session. When S is satisfied, he exits via the RETURN button

and proceeds at the state just before the interruption.

If the monitor notices, during the course of any sossion, that

S is becoming confused or is in need of some guidance, then he may

break into the proceedings himself through striking a key of the
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PDP-8E teletype. The program will interpret this input in the

same way as S's press of the HELP button. The monitor can inter-

act with S as above and then relinquish control of the system to S.

4.3.9 Priiileged Functions

Figures 3a, b, c and d, presented above in Section 4.2, are

"frames" from what is terned the "spectral movie." While never

shown to S due to their complexity, they are retained in the

present software because of their general usefulness in system

development and equipment checkout. When the general display

program is Started in privileged mode, the five central buttons

in the button box become functional.

4.3.9.1 ENTER/START. When activated (only legal when the

1+) sign is displayed), the standard picture is removed and the

first of the 200 frames is displayed. Frames are displayed for

50 msec. each, producing a 1/5th real-time rate. A small cursor,

visible below the abscissae in Fia. 3, moves one notch to the

right for each new frame. If ENTER/START is depressed during the

running of the movie, the frame is reset to #1 and the movie

proceeds.

4.3.9.2 HOLD. Halts the movie when running. The number of

the current frame is displayed for reference.

4.3.9.3 IIOLD/BACK. If running, the movie is halted and the

cursor moved one frame back from its present location; if already

held, only the latter.

i
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4.3.9.4 HOLD/FORWARD. Opposite logic from above.

4.3.9.5 CONTINUE. When movie is held, allows it to proceed

from the present cursor location. Frame number is absent when the

movie is running.

4.4 CONCLUSIONS

The design philosophy of the instructional display described

above is to present to the student simple visual feedback on a

relevant dimension of his pronunciation as a function of time, and

to do this in a context of interactive, student-directed audio-

visual inspection of the -comparison with the speech of a teacher.

On the basis of previous research, we have chosen to make the time

parameter an explicit one. Single speech functions, selected and

tuned to the particular accent problem being emphasized, are

plotted in real time as they are extracted from student and teacher

speech.

If a teacher were present, beside the student, and if both

could interact with the API and with each other, the generality

and flexibility of the entire system would of course be greatly

increased. A trained teacher could evaluate student speech, both

by ear and with reference to the display; could change his speech

and/or modify the display in response to particular problems of

the student; and, by encouragement and discussion, could mold the

articulation of the student. The presence of a trainea teacher

would also permit the use of more complex displays, with the teacher

taking on the burden of pointing out the subtleties that are ob-

vious to the trained eye but obscure to simplistic machine recog-

nition algorithms, or to naive students.
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While this might be an ideal arrangement, it would also be

an expersive one. Further, it runs counter to the goal of this

project,, which is to develop an automated system for reducing

accent in second languages. The student is therefore alone before

the machine, having only his instructions, the display, the buttons,

and the monitor to guide him in his work. This constraint has

produced a system with robust, simple visual displays and recorded I

teacher models. The capabilities of the present-day language

laboratory have therefore been preserved within the context of a

larger, more sophisticated system that can provide visual speech I
feedback in addition to thestandard auditory feedback. We look

forward with anticipation to the coming field tests.

I
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